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The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure 
for the integration of geologic, energy, and mineral (GEM) resources data con- 
cerning Wilderness Study Areas (WSAs). To facilitate this review, certain 
WSAs with similar geologic environments and mineral characteristics have 
been grouped together into larger GEM Resource Areas (GRAs). Using these 
guidelines, the Cedar Mountain WSA was grouped into the larger Washakie GRA. 
This report, which terminates the Phase I activities for the Washakie GRA, is 
an evaluation and interpretation of existing data concerning the GEM resource 


potential in the WSA. 


The Washakie GRA contains one WSA, the Cedar Mountain WSA (wY-010-222). The 
Cedar Mountain WSA is located in the BLM's Washakie Resource Area, Worland 


District, Wyoming. 


The Cedar Mountain WSA is considered highly favorable for the potential 
occurrence of oil and gas resources (classified 4D). This designation is 
based upon abundant direct and indirect evidence (Petroleum Information 
Corporation, 1982). The WSA has a moderate favorability for the potential 
occurrence of coal (classified 3C); this classification is based on direct 
but quantitatively minimal evidence (U.S. Geological Survey, 1964). Quan- 
titatively minimal direct evidence exists to support a low favorability 
classification for the potential occurrence of all other GEM resources in the 
WSA (classified 2C). This classification is based on the geologic environment 


and inferred geologic processes that have been identified in the WSA. 


Additional geologic investigations would help supplement the GEM resource 
evaluation of the Washakie GRA. An examination of well logs from the area 
would help identify and evaluate suitable stratigraphic and structural hori- 
zons for the accumulation of hydrocarbons. A moderate amount of geologic 
information exists which needs to be reviewed by BLM personnel to gain ad- 
ditional insight into the potential occurrence of GEM resources in the region 


prior to making wilderness decisions. 
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GEM RESOURCE AREA 
WASHAKIE 


LU INTRODUCTION 
cle E Purpose of Study 


The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure 
for the integration of geologic, energy, and mineral (GEM) resources data 
for suitable/nonsuitable decisions concerning Wilderness Study Areas (WSAs). 
Phase I consists of a review and evaluation of existing data, resulting in 
an interpretation of the GEM resource potential of the WSAs. Phase II is 
designed to generate only the additional data required to support the GEM 
resource recommendations presented during Phase I. To facilitate this review, 
certain WSAs with similar geologic and mineral characteristics have been 
grouped together into larger GEM Resource Areas (GRAs). Using these guide- 
lines, the Cedar Mountain WSA was grouped into the larger Washakie GRA. This 
report, which terminates the Phase I activities for the Washakie GRA, is an 
evaluation and interpretation of existing data concerning the GEM resource 


potential in the Cedar Mountain WSA. 


The GEM resource evaluations for this study were performed by Tetra Tech, 
Inc. for the U.S. Bureau of Land Management, under Contract No. YA-553- 


CT2-1055. This study was completed in January, 1983. 
Location and Access 


This GEM report covers the area identified as the Washakie GEM Resource Area 
(GRA); the geographic location of the study area is shown in Figure 1.1, "GRA 


Location Map." 


The Washakie GRA contains one WSA, the Cedar Mountain WSA (WY-010-222). The 
Cedar Mountain WSA contains approximately 21,570 acres, and is located between 
43° 40'-57' latitude and 108° 02'-06' longitude. The WSA is located in the 
southeast corner of Township (T) 45 North (N), Range (R) 94 West (W); the 
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southwest corner of T 45 N, R 93 W; the northeast corner of T 44 N, R 94 W; 
and the northwest corner of T 44 N, R 93 W. The northern half of the area is 
in Washakie County and the southern half is in Hot Springs County, Wyoming. 
The Washakie WSA is located within the BLM's Washakie Resource Area, Worland 
District, Wyoming. Figure 1.2, "Topographic Map," illustrates the topography 
of the GRA, as well as the location of the WSA within the GRA. 


The nearest town to the Cedar Mountain WSA is Kirby, Wyoming. Kirby is 
located on U.S. Highway 20, between Worland and Thermopolis. Kirby is located 
approximately 4 miles west of the western boundary of the study area. To the 
west and south of the study area, U.S. Highway 20 follows the Bighorn River. 
State Highway 172 passes approximately 2.5 miles south of the study area; this 
highway follows Kirby Creek. An unimproved county road generally follows 
the western boundary of the WSA, and local jeep trails follow many of the 


drainages in the area. 
ae Basis of Report 


This report is based on an evaluation of existing data (both published and 
available unpublished data) collected from a variety of different sources. 
Some of the sources contacted during the preparation of this report include 
the U.S. Bureau of Land Management (BLM), the U.S. Geological Survey (USGS), 
the U.S. Bureau of Mines (USBM), the U.S. Department of Energy (DOE), the 


Wyoming Geological Survey, universities, and other sources. 


The available literature was reviewed by a Project Team, assembled by the 
study contractor, comprised of authorities in the field of GEM resource 
evaluations. The members of the Project Team, and their associated technical 


disciplines, are identified below: 


Mr. Charles S. Robinson Metallic Minerals/Non-Metallic Minerals 
Mr. Rollin E. Phipps Oil and Gas 

Mr. Andrew G. Alpha Geothermal Resources 

Mr. Stuart P. Hughes Other Minerals 

Mr. William A. Gallant Other Minerals 

Mr. Elmer Schell Coal 

Mr. John A. Hartley Oil Shale/Paleontology 
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260 GEOLOGY 
2eu General 


The Washakie area is in the southern part of the Bighorn Basin, near the 
axis of the basin. The Bighorn Basin is filled with a thick sequence of 
sedimentary rocks that range in age from Cambrian (500-600 million years 


before present [m.y.B.P.]) to late Tertiary (< 70 m.y.B.P.). 
Zee Physiography 


The land forms developed in the Washakie area are typical of those developed 
in other parts of the Bighorn Basin. The region has a "badlands" topography 
with sharp, steep ridges separated by narrow steep-sided canyons. Altitudes 
in the study area range from approximately 4,250 feet at the northern end, 
along Tie Down Flats, to approximately 5,400 feet at the center of the western 
boundary. The streams in the drainage basin in the area are tributaries to 
the Bighorn River, or to Sand Draw to the south. The streams are intermittent 


and flow only in response to storms. 
2e3 Geologic Units 


The bedrock of the area consists of sedimentary rocks that range in age from 
Upper Cretaceous (65 m.y.B.P.) to Tertiary. These units are overlain locally 
by surficial deposits derived by weathering, and the transport of weathered 
material. Figure 2.1, "Geologic Map," delineates the geologic formations that 
occur throughout the GRA. Figure 2.2, "Generalized Stratigraphic Column," is 
a generalized stratigraphic column which gives a brief description of all the 


stratigraphic units that underlie the Washakie GRA. 
2.3.1 Bedrock Units 
The bedrock units exposed in the Washakie area, from oldest to youngest 


include units of the Upper Cretaceous (i.e. Cody Shale, Mesaverde Formation, 


Meeteetse Formation, and Lance Formation), and units of the Tertiary (i.e. 
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BLM Wilderness Study Areas includedin the 
Washakie GRA 


WSA NAME ACREAGE 
010-222 Cedar Mountain 21,570 


(LOVE e? al.,1979) 


Approximate Boundary of Wilderness Washakie GRA, Wyoming 
eegeres GEOLOGIC MAP 
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FORMATION, 
SYSTEM SERIESSYMBOL THICKNESS, FT GENERAL LITHOLOGIC DESCRIPTION 







Quaternary 
Undif- 
ferentiated 


Silt, sand, gravel and boulders deposited by streams that eroded the area 











Willwood Shale and siltstone, gray-green to red, some carbonaceous shale, interbedded with 






















4 formation few thin sandstones; sandstones, light-gray, crossbedded, contains thin beds of 

< 500+ carbonaceous shale with plant fragments 

& 

= Fort Union Shale, gray, containing numerous ironstone concretions, interbedded with thin 

& formation sandstones; sandstone and shale; sandstone, gray to brown with shale and coal beds 
1000+ 












Lance 
formation 
700-1000 


Meeteetse 
formation, 410 


Mesaverde 
formation 
(upper), 700 


Sandstone, brown, interbedded with gray shale; dinosaur bone fragments; sandstone 
and gray shale, interbedded with carbonaceous shale; sandstone, lignt-gray, 
masSive, crossbedded, contains numerous large oval calcareous sandstone concretions 











Shale and sandstone, thin-bedded, interbedded with coal and bentonite; sandstone, 
gray, fine-grained, poorly consolidated, interbedded with shale and bentonite 








Sandstone, white medium- to fine-grained, interbedded with some carbonaceous shale 
and coal; sandstone and shale, interbedded; sandstone, light-brown, massive=- to 
thin-vedded 





























‘Shale, drak-gray, interbedded, with few thin sandstones 


Sandstone, light-brown, massive= to thin=-bedded, interbedded with gray and carbon- 
aceous shale, and few coal.and chert-conglomerate beds. This unit intertongues 
with the Cody shale and in eastern part of area it consists of dark-gray shale 
with few thin sandstone and bentonite beds 


UPPER CRETACEOUS 








Shale, dark-gray, few spherical and septatian, calcareous concretions; shale, 
yellow-gray, calcareous, fossiliferous 





CRETACEOUS 





Sandstone, gray- to light-brown, conglomeratic, black and brown chert pebbles 
1/2-inen size, lenticular, interbedded with dark<-gray shale 





430-570 



































a Kar Mowry Shale, dark-gray, siliceous, two bentonite beds near top; shale, dark<-gray, 

3 270=290 weathers silvery gtay, siliceous, fissile, interbedded with thin white clay 

a beds 

iS) 

« 

& Ke Thermopolis Shale, dark-gray, interbedded with yellow clay, with few zones of ironstone 

2 shale coneretions; shale, dark-gray, dahllite concretions near base; shale, dark<-gray, 
i 340-380 and bentonite; sandstone, gray, medium grained 

: Kel Cloverly Sandstone, gray, veathers rusty-orown, thin-vedded ripple-marked; shale red, 

3 formation maroon, and gray, limestone-cooble bed in upper part; sandstone, gray crossbedded, 


190-230 conglomeratic, with chert pebbles 







Morrison 
formation 
190-250 


Shale, red, pink, gray, and green; shale and sandstone, thinevedded; some sandstone 
beds, massive; sandstone, white, massive, lenticular, crossbedded 















Sundance 
formation 
200-330 


cee Gypsum Spring 
ae formation 
80-140 


Sandstone, gray-green, glauconitic, thin-bedded to massive, invterdedded with grees 
shale; shale, gray, interbedded with thin coquincid limestones; sandstone, tan, 
mediume-grained, locally conglomeratic at base, slightly calcareous 











Shale, red and green, gypsiferous, interbedded with few siltstone and gray 
limestones; gypsum, white 









Shale, red, interbedded with red siltstone and pink, very fine-grained sandstone; 
sandstone, reddish-brown; interbedded with occasional thin beds of red Shale and 
siltstone; limestone, blue-gray; snale and siltstone, red, intersedded with few 
thin gypsum beds; siltstone and shale, interbedded, red 












TRIASSIC 


Gypsum, white, interbedded with red shale siltstone, yellow 







Park City 
formation 
200-280 


Limestone, gray, dolomitic, with nodular chert; shale, ced, few thin lisestone 
. peda; limestone, gray, dolomitic, cherty layers 















Tensleep 
sandstone 
280-390 


Amsden 
formation 
190-290 


formation 
325425 


Sandstone, white to bluff, medium-grained, gassive, crossbedded 










Dolomite, white to tan; shale, red to purple, sandy; sandstone, gray to brown, 
lecally quartzitic 











Limestone and dolomitic limestone, gray to tan, locally cherty 



















Bighorn 
v dolomite 
aS 150-200 


S J Gallatin 
OS limestone, 440 


De Gros Ventre 
ae formation, 470 
Sandstone, white to brown, medium- to coarse-grained, arkose at base, interbedded 


a 
= Flathead 
Sandstone, 200/| with minor amounts of purple shale 


i) 
nd el a 


Figure 2.2 Generalized Stratigraphic Column, Washakie GRA 
(Horn, 1963). 


Dolomite, gray to tan, massive; sandstone at base 





Limestone, gray to tan, sandy, glauconitic, interbedded with gray to green shale; 
flat-pebble limestone conglomerate near top 








Shale, red, gray, and green, interbedded with thin glauconitic sandstone and 
limestone 
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Fort Union and Willwood Formation). The bedrock units, except for the 
Willwood Formation, crop out in a series of bands across the southern portion 


of the area from Sand Draw northward. 


The Cody Shale, at the base, is a dark-gray marine shale. It grades upwards 
into the Mesaverde Formation, which consists of alternating beds of clay 
shale, siltstone, and massive sandstone and coal. The Meeteetse Formation 
also consists of beds of shale, or claystone, sandstone and coal, which grade 
upward into the Lance Formation. The Lance Formation consists of variegated 
claystone, siltstone, some sandstone and coal. The Fort Union Formation 
overlies the Lance Formation. The coal in the Fort Union Formation is re- 
stricted to the lower part of the Formation. More than half of the study 
area is underlain by the Fort Union Formation. The Willwood Formation is 
located at the northernmost point of the study area. The Willwood Formation 
consists primarily of sandstone and siltstone. It is characterized in the 


Bighorn Basin by the abundance of mammalian fossils. 


Underlying the geologic formations that crop out in the Cedar Mountain WSA is 
a thick sequence of sedimentary rocks; in adjacent areas of the Bighorn Basin, 


these rocks have served as a source or reservoir rocks for oil and gas. 


2.3.2 Surficial Deposits 


The surficial deposits in the study area have been derived from the weathering 
of the bedrock; therefore, the surficial deposits reflect the characteristics 
of the bedrock. cColluvium, derived from in-place weathering, mantles most of 
the slopes. This material has been moved by running water from the toe of the 
slopes into the stream valleys to form alluvium. The alluvium consists 


primarily of silty sand. 


2.4 Structural Geology 


The Washakie area is on the southwestern flank of a gentle anticline. The 


axis of the anticline is approximately 2 miles northeast of the WSA. The 


sedimentary beds dip from about 5° to 25° to the south or southeast. Minor 
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fold structures in relation to facies changes could serve as traps for 


hydrocarbons in the area. 
ve gia) Engineering Geology 


The shales in the area, and the soils derived from the shales, will be expan- 
sive, and should not be used in construction without proper engineering 
investigations. The geologic hazards that exist in the area are flash floods 


and expansive shales. 
2.6 Paleontologic Resources 


Marine invertebrate fossils are common locally in the Cody Shale and the Lower 
Mesaverde Formations. The fossils are typical of the late Cretaceous fossils 
found throughout Wyoming. Some vertebrate fossils and fossil wood have been 
reported from the Meeteetse and Fort Union Formations. The mammalian fossils 
in the Willwood Formation in the surrounding area have been recently studied 
in some detail (Bown, 1977; Lillegraven, 1982). A small portion of the 


Willwood Formation crops out in the northern part of the study area. 
oa Historical Geology 


The geologic history of the Washakie area is similar to the geologic history 
of the northern Rocky Mountains. The basement Precambrian (> 600 m.y.B.P.) 
rocks in the area consist of metaigneous and metasedimentary rocks, the 
origin of which is not well understood. At the end of Precambrian time, and 
throughout the Paleozoic (225 m.y.B.P.) era, there were repeated advances and 
retreats of the sea. Marine deposits of sandstone, siltstone, shale, and 
limestone were formed. At the end of the Paleozoic era, marine, marginal 
marine (evaporite), and terrestrial red-bed deposits were formed as the seas 
fluctuated back and forth over the area. Marine conditions returned in 
Jurassic (135-180 m.y.B.P.) time, only to retreat at the end of the Jurassic 
period. A major marine invasion started in the early Cretaceous period, 
and continued until the start of the Laramide orogeny near the end of the 


Cretaceous period. During the deposition of the Paleozoic and Mesozoic 
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(70-225 m.y.B.P.) sediments, stratigraphic traps for hydrocarbons developed 
along facies changes, unconformities, and lithologic boundaries. The Tertiary 
period was a period of land emergence from the sea; it was also a period of 
repeated uplift and continental erosion and deposition. The uplifts were 
accompanied by folding, thrusting, and high-angle faulting, together with 
the deposition of thick terrestrial sediments and coal in the intermountain 
basins. The tectonic activity formed structural traps for hydrocarbon 
accumulations. Volcanism was active in mid to late Tertiary time; thick 
volcanic deposits accumulated locally, and volcanic ash was widely dis- 
tributed. The Quaternary (2-3 m.y.B.P.) period is noted for the extensive 


erosion of the bedrock in the area by streams. 
3.9 ENERGY AND MINERAL RESOURCES 
ou General 


There are no known energy or mineral resources in the Cedar Mountain WSA. The 
only potential resource of any significance in the area is oil and gas. Some 


small coal deposits in the area could possibly be developed. 


Figure 3.1, "Mineral Occurrence Map," illustrates the presence of any known 
past and present mine locations, or occurrences of mineral deposits and 
GEM resources within the GRA. Information for this figure came from the 
USGS' Computerized Resource Information Bank (CRIB); the USBM's Minerals 
Availability Information System (MILS); and Petroleum Information Corporation 


(PI) Dry Hole Maps. 
oe Potential Resources 


Several holes have been drilled in or adjacent to the Washakie GRA in the 
search for oil and gas. The Gebo Oil Field is located about six miles west 
of the area (Figure 3.1). Cretaceous through Paleozoic age rocks underlie 
the area; these rocks have been sources of petroleum products from structural 
or stratigraphic traps in other areas of the basin (PI, 1982). Specific 


producing zones could be identified by examining well logs. Coal occurs 
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in the Mesaverde, Meeteetse, Lance and Fort Union Formations in the Bighorn 
Basin. The very southern portion of the study area would be within the 
northwest section of the Southeastern Coal Field as defined by the USGS 
(1964). The USGS states that coal in the Southeastern Coal Field occurs in 
the Mesaverde and Fort Union Formations; the USGS further states that the coal 
beds present are fairly continuous but are too thin to be mined. The coal 


beds are subbituminous in grade and of relatively poor quality. 
303 Land Status 


Almost every section of the Cedar Mountain WSA has an oil and gas lease in it, 
indicating that interest in hydrocarbon exploration in the area is high. 
Figure 3.2, "Claim and Lease Map," illustrates the locations of any oil and 
gas leases, patented claims, and unpatented claims in the Washakie GRA. As 


shown, there are no patented claims in the GRA. 

3.4 Deposit Types 

The principal potential GEM resources identified in the Cedar Mountain WSA are 
oil and gas. Oil and gas reservoirs are common in the Bighorn Basin. Oil 
and gas have accumulated in structural or stratigraphic traps in the thick 
sedimentary rock sequence that fills the basin (Rogers et al., 1948; Horn, 
1963). 

Cs) Resource Economics 


3.5.1 Oil and Gas 


There are adequate markets for the potential oil and gas resources which could 


be developed from the Washakie area. 
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4.0 LAND CLASSIFICATION FOR GEM RESOURCE POTENTIAL 


rack General 


The Cedar Mountain WSA has a high favorability for the potential occurrence of 
oil and gas; the WSA has a moderate favorability for the potential occurrence 
of coal. There is a low favorability for the potential occurrence of any 


other GEM resources in the WSA. 


In order to better evaluate the occurrence or potential occurrence of re- 
sources in the GRA, a 2-part resource classification scheme has been adopted, 
as requested by contract. Each resource or potential resource within the GRA 
will receive an alpha-numeric designation. The number designation will range 
from 1 to 4, and will indicate the favorability of the geologic environment, 
geologic processes, and mineral occurrences for the presence of a particular 
resource or group of resources. The letter designation will range from A 
to D, and will indicate the level of confidence to be associated with the 
numerical designation. Figure 4.1, "Land Classification Map," illustrates the 
areas of potential GEM resources with their assigned classifications for the 
WSAs within the Washakie GRA. Figure 4.2, "Resource Classification Scheme," 
provides a detailed description of the number and letter designations used in 


the resource classification scheme. 


hoe Oil and Gas 


The entire Cedar Mountain WSA is considered highly favorable for the potential 
occurrence of oil and gas resources (classified 4D); this classification 
is based on abundant direct and indirect evidence. The known geologic 
environment of the area, based on the studies of the regional geology in- 
cluding the logs of holes drilled for oil and gas, indicates that strati- 
graphic units that produce oil and gas in other areas of the Bighorn Basin > 
are present under the Cedar Mountain WSA (PI, 1982). The study area is 
on the side of a major anticline, and detailed studies of logs could indi- 
cate possible stratigraphic or structural traps for the accumulation of 


hydrocarbons. 
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1) 


2) 


3) 


4) 


Numerical Classification Scheme 


The geologic environment and the inferred 
geologic processes do not indicate favor- 
ability for accumulation of mineral resources. 


The geologic environment and the inferred 
geologic processes indicate low favorability 
for accumulation of mineral resources. 


The geologic environment, the inferred geologic 
processes, and the reported mineral occurrences 
indicate moderate favorability for accumulation 
of mineral resources. 


The geologic environment, the inferred geologic 


processes, the reported mineral occurrences, 
and the known mines or deposits indicate high 
favorability for accumulation of mineral 
resources. 


Figure 4.2 Resource Classification Scheme 


A) 


B) 


C) 


D) 


Letter Classification Scheme (Level of Confidence) 


The available data are either insufficient 
and/or cannot be considered as direct evidence 
to support or refute the possible existence of 
mineral resources within the respective 
area. 


The available data provide indirect evidence 
to support or refute the possible existence 
of mineral resources. 


The available data provide direct evidence, 
but are quantitatively minimal to support or 
refute the possible existence of mineral 
resources. 


The available data provide abundant direct 
and indirect evidence to support or refute 
the possible existence of mineral resources. 
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4zS% Coal 


The Cedar Mountain WSA is considered to have a moderate favorability for 
the potential occurrence of coal resources (classified 3C); this clas- 
sification is based upon direct but quantitatively minimal evidence. The 
available evidence suggests that coal of significant value may possibly occur 


beneath the WSA (USGS, 1964). 
4.4 Other GEM Resources 


Quantitatively minimal direct evidence exists to support a low favorability 
classification for the potential occurrence of other GEM resources in the 
WSA (classified 2C). This classification is also based on the geologic 
environment and inferred geologic processes that have been identified within 


the WSA. 
a) RECOMMENDATIONS FOR FURTHER WORK 
Died. Work Recommended to Complete Data Base 


A number of investigations could be implemented to generate additional data 
to supplement the conclusions of this Phase I report for the Washakie GRA. 
The logs of holes drilled for oil and gas within and adjacent to the area 
should be acquired, plotted accurately on a map, and studied in detail. 
Geologic sections should be constructed across the area to identify changes in 
Stratigraphy and the possible existence of suitable structures for hydrocarbon 
accumulation. Based on these data, an experienced petroleum geologist should 
be able to make predictions as to the possibility of discovering oil and gas 


by drilling within the Washakie area. 
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